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Available online 21 December 2012AbstractStrength testing of the shoulder external and internal rotators is an important part of the evaluation and follow-up of a patient with a shoulder
injury. Several studies have tested the reproducibility of such testing basing their conclusions mainly on intraclass correlation coefficient (ICC)
values. The main goal of our research was to assess fully the reproducibility of isokinetic and isometric strength testing using both absolute
(ICC) and relative reproducibility indices. A sample of 21 healthy recreational athletes without any history of shoulder injury was tested twice
within a 1-week period using the TechnoGym REV900 isokinetic dynamometer. Testing was performed in a short range of motion (30) at the
angular velocities 30/second and 60/second in the concentric and isometric (at an angle of 30) modes of contraction for both muscle groups.
External rotators were tested in the eccentric mode of contraction at both testing velocities. Reproducibility analysis included ICC, repeated
measures analysis of variance (ANOVA), standard error of measurement (SEM), smallest real difference (SRD), and Bland and Altman analysis.
Mean ICC ranged from 0.80 to 0.94; repeated measures ANOVA did not show any difference between the two test sessions ( p > 0.05). In
general, SEM% ranged from 6.0% to 9.9% and SRD% from 17% to 28%. Based on our findings, we conclude that the strength testing protocol
used in our study showed an excellent reproducibility and can be safely used in clinical settings to monitor the strength changes in a group of
individuals or in a single individual.
Copyright  2012, The Society of Chinese Scholars on Exercise Physiology and Fitness. Published by Elsevier (Singapore) Pte Ltd. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Isokinetic testing can be an important part of the compre-
hensive evaluation and rehabilitation of a patient with
a shoulder injury.1 Of all muscle groups of the shoulder,
evaluation of the shoulder external rotators (ERs) and internal
rotators (IRs) seems most informative, as these muscle groups
are responsible for the dynamic stabilization of the* There is no financial bias in relation to this study of any of the authors of
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to shoulder injury may be a strength imbalance between those
muscles,3 which can easily be assessed using isokinetic
strength testing. Differences in IR and ER strength ratios
appear to be related to injury in almost all sports that demand
overhead throwing activities, such as baseball,4 volleyball,5
water polo,6 tennis,7 and handball.8 The importance of ER
eccentric strength was emphasized in all these studies, and the
authors agreed that rehabilitation and injury prevention regi-
mens should include exercises to improve eccentric external
rotation strength, bringing more balance to the dominant
shoulder of throwing athletes.3 Apart from that, isokinetic
testing can be used as a safe tool for patient follow-up after
shoulder surgery.9,10 Although shoulder rotations in certain
sports such as tennis occur often at angular velocities greatercise Physiology and Fitness. Published by Elsevier (Singapore) Pte Ltd. This is an open
/4.0/).
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testing can still predict certain functional capabilities of an
athlete, such as the volleyball spike velocity.12
The equipment and methods used for isokinetic shoulder
testing should provide reliable measurements of the muscle
strength. To assess fully the reliability, which is a rather broad
concept that incorporates not only the agreement between two
measurements, but also the presence of systematic changes in
mean, we must use several statistical methods and indices.13
So far, several studies have evaluated the reproducibility of
the isokinetic strength testing of the IRs and ERs.14e19 Apart
from Meeteren et al,18 all other authors based their arguments
solely on the intraclass correlation coefficient (ICC). The
mean ICC values calculated from these studies for ERs and
IRs were, respectively, 0.78  0.10 and 0.86  0.06 in the
concentric mode of contraction, 0.74  0.16 and 0.79  0.07
in the eccentric mode of contraction, and 0.88  0.12 and
0.88  0.06 in the isometric mode of contraction. Based on
these findings, measurements were generally considered to
have good to excellent reproducibility. While Meeteren et al’s
study used some other reproducibility indices such as standard
error of measurement (SEM) and smallest real difference
(SRD), it did not provide a common BlandeAltman analysis
for all instances separately and did not use the repeated
measures analysis of variance (ANOVA). Furthermore, the
reproducibility of the eccentric mode of contraction of ERs
was never challenged.
The main outcome measure from the isokinetic strength
testing is usually the peak torque that is related to a single
point in the range of motion (ROM), although we must keep in
mind that some recent studies20,21 have pointed out that
because of this reason the peak torque may not be as func-
tionally important as the total energy. If this point where
muscle reaches the peak torque is targeted with the testing and
testing velocity is reasonably accommodated to allow enough
time for muscle force/torque production than based on
previous findings for the trunk and knee isokinetic strength
testing,22,23 we can assume that the results from full ROM
(FROM) to short ROM (SROM) testing will be highly corre-
lated, meaning that in terms of absolute strength values SROM
will be as informative as FROM. The reason for this is that an
optimal forceelength relationship exists for the specific
muscle group where actinemyosin bridges are most numerous
and therefore the torque output is at its peak value. This is true
only when the chosen ROM covers the optimal range of that
muscle, as otherwise there could be a large change in the
moment arm, compounded with the lengthetension relation-
ship, which would affect the resultant torque significantly.
With these findings in the background, we have designed
a protocol for the strength testing of the shoulder IRs and ERs,
which uses SROM and three contraction modes: isometric
(ERs and IRs), concentric (ERs and IRs), and eccentric (ERs
only) modes. The main goal of our research was to assess fully
the reproducibility of SROM protocol using both absolute and
relative reproducibility indices; we believe that the use of
SROM may improve those indices as it may diminish the
otherwise considerable displacement of the axis of theglenohumeral joint (up to 8 cm)24 with the dynamometer axis
of rotation, and it can make a test more comfortable for the
participants by diminishing the participant-related causes of
the poor reproducibility. Based on these assumptions, we
believe that our protocol represents a better testing choice for
practice in comparison with the more commonly used wider
ROM, which was used in shoulder isokinetic strength testing
reproducibility studies we have cited above.
MethodsExperimental approach to the problemThe study was designed as a reproducibility study in
a testeretest manner, with a 1-week break period between two
tests.ParticipantsA sample of 21 healthy recreational athletes (students of the
Faculty of Sport) without any history of shoulder injury (9
males and 12 females) volunteered to participate in the
research. All participants completed the first and second iso-
kinetic testing with a testeretest break of 1 week. Men were
aged 27.5  2.76 (23e31) years and women 25.17  2.37
(22e30) years.
Prior to the first testing session, each athlete signed
a consent form for participation in research and was informed
about the purpose of the research. The study was approved by
the Board of Ethics of the Faculty of Sport.ProceduresMeasurements were performed on an isokinetic dyna-
mometer TechnoGym REV 9000 (TechnoGym SpA, Gambet-
Tola, Forli, Italy). The standard TechnoGym shoulder
attachment was used. Prior to each test session, the system was
calibrated to fit allowable limits for the right or left arm.
Weight calibration was performed prior to both testing
sessions in the isometric contraction mode using standard
calibration weights.
The test was performed with the participant in the sitting
position with the back being supported. The dynamometer was
positioned so that the arm was in 90 abduction and 90
external rotation in shoulder joint and in 90 elbow flexion.
This position was the starting position for the test. The test was
performed in the plane of scapula. The person was firmly
stabilized with straps across the shoulders and forearm (see
Fig. 1). A good grip played an important role, so participants
had to hold it strong, with a thumb on the medial end of the
grip. Prior to each measurement, the ROM was set to 30. To
account for the influence of the gravity error torque on the
data, each participant’s limb was weighed and the data were
corrected by the TechnoGym software. The details of partic-
ipant positioning were recorded and used in the retest session.
Each participant was tested twice at the same time of the
day and the testing sessions were 1 week apart. During that
Fig. 1. Testing setup for isokinetic strength test of shoulder internal and
external rotators. The arm was in 90 abduction and in 90 elbow flexion, with
shoulder in scaption plane. For the concentric and eccentric measurements, the
range of motion was set to overall 30, between 90 and 60 of external
rotation in shoulder (white lines), while isometric testing was performed at 30
for both muscle groups. The alignment between the dynamometer and the joint
axis of rotation was through the olecranon (gray line). The arrows represent
the direction of rotation.
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for increasing the strength of tested muscles (IRs and ERs).
The same experienced examiner performed all the measure-
ments. Each test session lasted approximately 1 hour. For the
concentric and eccentric measurements, the ROM was set to
30, between 90 and 60 of external rotation in the shoulder,
while isometric testing was performed at 30 for both muscle
groups.
To warm up and to become familiar with the dynamometer
and the test procedure, each participant performed three sets of
10 movements (internal and external rotations), after 5
minutes of warming up with dynamic exercises. After a 30-
second rest, each participant performed five consecutive
maximal concentric contractions of internal (IRconc) and
external (ERconc) rotation of shoulder at 30/second.
Following 30 seconds of rest, testing continued with five
eccentric contractions of external rotation (ERecc) at 30/
second. After a 2-minute rest period, the same warm-up
familiarization and test procedure were performed at 60/
second, followed by another 2-minute rest interval. Partici-
pants then performed 6 seconds of isometric contraction of
internal rotation (IRisom) and after 30 seconds of rest, 6seconds of isometric contraction of external rotation (ERi-
som). Following a 5-minute break that allowed change of
sides, testing was repeated for the other limb using the same
testing protocol as described above. Throughout the tests,
participants were asked to push, pull, and hold as hard and as
fast as possible. They were allowed to see the torque curve on
the display during the measurements and consistent verbal
encouragement was also given throughout.Statistical analysesThe TechnoGym’s evaluation report provided data for each
angular velocity and mode of contraction of the left and right
limbs. The contractions with the highest peak torque value (in
Newton meter; N m) from each of the two test sessions were
used in the reliability analyses. All calculations were per-
formed using the SPSS 17.0 Software for Windows (SPSS
Inc., Chicago, IL, USA).
The male participants were generally stronger than the
female participants; however, as there were no other system-
atic differences between sexes, data for both male and female
participants were combined throughout the analyses and
presentations. The statistical methods described here were also
used by Flansbjer et al25 in their study of the reliability of
isokinetic muscle strength in men and women with hemi-
paresis after stroke. Agreement between measurements was
assessed by the ICC. A two-way random effects model was
used for a single-measure reliability analysis and the 95%
confidence interval (95% CI) for ICC was obtained from the
ANOVA tables. The ICC was used in this study, as this form is
applicable when all participants are tested twice by the same
rater.
Systematic changes in the mean were assessed with the
Bland and Altman analyses. The Bland and Altman analyses
also included the graphs in which the difference between test
sessions 1 and 2 (test1 minus test2) was plotted against the
mean of the two test sessions [(test1 þ test2)/2] for each
participant and test condition. The plotting was performed
using the MedCalc for Windows, version 8.1.0.0 (MedCalc
Software, Mariakerke, Belgium). These graphs can illustrate
systematic variations around the zero line and address the
issue of heteroscedasticity, which occurs when the difference
between test and retest measurements increase as the mean
value of the measurements increases. The possibility of het-
eroscedasticity was addressed by forming the Pearson’s
correlation coefficient of the absolute differences between test
sessions and the means of the two test sessions.
Measurement errors were evaluated by the SEM and the
SEM%. The SEM% is independent of the units of measure-
ment and represents the limit for the smallest change that
indicates a real improvement for a group of participants
following, for example, an intervention (e.g., training).
To define the smallest change that indicates a real
improvement for a single participant, we used the SRD
introduced by Beckerman et al.26 The SRD can be expressed
as a percentage value (SRD%), which is independent of the
units of measurement (in analogy with SEM%).
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The evaluation of the ICC values reveals an excellent
testeretest agreement for all peak torque measurements based
on the criteria described by Landis and Koch.27 Mean ICC
ranged from 0.80 to 0.94 (Table 1), but 95%CIs were somewhat
wider than expected, ranging from 0.54 to 0.98. All mean
differences (d in Table 1) between test2 and test1 were very low,
and 95%CI ofmean differences between test2 and test1was also
narrow. For five of the 16 strength measurements (marked with
a in Table 1) zero was not included in the 95% CI of the mean
differences between test2 and test1, indicating a significantly
( p < 0.05) different performance between test and retest.
However, using CI of mean differences alone would result in
inflated alpha error, and thus we would like to stress that there
were no significant main effect differences for set (F ¼ 0.07,
p¼ 0.79) or interaction effect (muscle side velocity set;
F ¼ 1.62, p ¼ 0.22) when repeated measures ANOVA, using
factors such as side (lefteright), muscle (ERs and IRs), velocity
(30/second and 60/second), and set (testeretest), was per-
formed for all concentric strength measurements. The two-way
ANOVA accounted for the alpha error and was a more suitable
statistical method for the evaluation of the testeretest differ-
ences in this situation. The same was true for all eccentric
strength measurements of shoulder ERs for main effect for set
(F¼ 0.27, p¼ 0.61) or interaction effect (side velocity set;
F¼ 2.66, p¼ 0.12), whereANOVAwas performed using factors
such as side, velocity, and set, aswell as for all isometric strength
measurements for main effect for set (F ¼ 2.11, p ¼ 0.16) andTable 1
Reproducibility measures of the isokinetic concentric, eccentric, and isometric sho
Measurement ICC2.1 95% CI for ICC d (N m) 95% CI for d
Concentric IRs at 30/s
Left 0.86 0.69e0.94 1.76 4.46 to 4.84
Right 0.89 0.75e0.96 0.19 6.62 to 3.10
Concentric ERs at 30/s
Left 0.81 0.54e0.92 3.48 0.57e6.38a
Right 0.93 0.84e0.97 1.10 0.75 to 2.94
Eccentric ERs at 30/s
Left 0.88 0.7e0.95 3.10 0.17e6.02a
Right 0.8 0.57e0.92 0.14 3.91 to 3.63
Concentric IRs at 60/s
Left 0.93 0.83e0.97 2.19 5.41 to 1.03
Right 0.92 0.80e0.97 3.71 7.16 to 0.2
Concentric ERs at 60/s
Left 0.87 0.69e0.95 2.14 0.20 to 4.49
Right 0.88 0.74e0.95 2.19 3.52 to 1.05
Eccentric ERs at 60/s
Left 0.89 0.73e0.96 2.86 0.00e5.72
Right 0.84 0.59e0.94 3.62 6.59 to 0.6
Isometric IRs at 15
Left 0.85 0.67e0.94 0.33 6.06 to 5.39
Right 0.9 0.67e0.96 6.76 11.36 to 2
Isometric ERs at 15
Left 0.82 0.60e0.92 1.52 1.80 to 4.84
Right 0.94 0.86e0.98 0.43 2.27 to 1.49
CI ¼ confidence interval; d ¼ mean difference between test sessions 2 and 1; ER
rotation; SEM ¼ standard error of measurement; SRD ¼ smallest real difference.
a Significant testeretest difference (e.g., zero not included in the confidence inteinteraction effect (side  set  muscle; F ¼ 3.38, p ¼ 0.08),
where ANOVA was performed using factors such as side,
muscle, and set.
Bland and Altman plots (Fig. 2) have showed homosce-
dasticity. The Pearson’s correlation coefficient of the absolute
differences between test sessions 1 and 2 and the mean of the
two test sessions was below 0.27 (r < 0.27 and p > 0.05) for
all instances (this meant that logarithmic data transformation
was not required as there was no evidence of any systematic
error). For ERs in all contraction modes (concentric, eccentric,
and isometric) there were generally more values below the
zero line than above it, illustrating a significantly better
performance during the retest, while the opposite was true
for IR.
The values of SEM (dependent on units of measurement)
and especially SEM% (independent of the units of measure-
ment) were low. The SEM% ranged from 6.0% to 9.9% (Table
1). The SRD%, which represents the change in relative terms,
ranged from 20% to 27% for ERconc, 22% to 25% for ERecc,
19% to 22% for ERisom, 18% to 23% for IRconc, and 17% to
28% for IRisom (Table 1).
Discussion
The main finding of this study is that the strength testing
protocol used in our study has shown acceptable reproduc-
ibility and reliability. This supports the use of such a protocol
for the concentric, eccentric, and isometric evaluations of
shoulder ER and IR strength and makes it possible to detectulder IR and ER strength measurements.
(N m) SEM (N m) SEM (%) 95% SRD (N m) SRD (%)
3.27 8.22 10.81 to 7.29 22.78
3.19 7.75 8.66 to 9.04 21.49
2.52 9.80 3.52 to 10.47 27.15
2.01 7.30 4.47 to 6.66 20.23
2.53 8.34 3.93 to 10.12 23.12
2.88 9.13 8.11 to 7.83 25.32
2.66 6.98 9.56 to 5.18 19.34
6a 2.75 6.58 11.34 to 3.91 18.25
2.27 9.39 4.14 to 8.43 26.02
2.24 8.41 7.44 to 4.97 23.31
2.5 8.60 4.08 to 9.80 23.85
5a 2.55 8.09 10.69 to 3.46 22.41
3.54 7.96 10.15 to 9.49 22.06
.17a 3.17 7.00 15.56 to 2.04 19.41
2.7 9.92 5.95 to 9.00 27.50
2.01 6.04 6.00 to 5.15 16.75
¼ external rotation; ICC ¼ intraclass correlation coefficient; IR ¼ internal
rval) based on the 95% CI of the mean differences between test2 and test1.
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improvement.
The ICC values in our study were comparable with those in
other papers (Table 2). If we compare our data with mean ICC
values of data from previous studies, we may conclude that
ICC values for ERconc and ERecc in our study were higher
than those previously reported (0.87e0.88 for ERconc and
0.84e0.87 for ERecc in our study vs. 0.78 for ERconc and
0.74 for ERecc in other studies), while IRconc and isometric
ICC values for both muscle groups were in accordance with
previously reported data.
There were some indications of learning effect (better
scores on retest) for ERs, while no such effect was observed
for IRs. One of the possible explanations of this finding can be
that IRs may be more commonly used for activities of daily
living and also that much of the training practice targets IRs
(e.g., push-ups, bench press, etc.), which in turn may lead to
a better motor control of that movement (IRs). We know fromFig. 2. BlandeAltman plots for all strength measurements. The testeretest differenc
the two different angular velocities (30/second and 60/second) and three types of
and left (filled squares) arms. From these graphs, the systematic variation around th
of agreement. The Pearson’s correlation coefficient of the testeretest differences an
instances.other studies that repetitive movements will result in encoding
of motor memories in the primary motor cortex,28,29 and the
more the movement is practiced, the more heightened is the
muscle memory. This effect may therefore influence the
performance on test and retest (as motor memory is firm, the
testeretest variation is low and learning effect is small).
However, participants might have performed better ERs on the
retest due to this same motor learning effect, as the motion is
not so thoroughly mastered in comparison to IR (participants
had more to learn and therefore the indications of learning
effect). However, this is only an assumption that should be
tested prior to drawing any firm conclusion, as we must
understand that there are also a lot of chances of using
shoulder ERs in daily activities, which makes our assumption
quite questionable. In spite of these indications of learning
effect that are visible from the Bland Altman plots, one should
still keep in mind that repeated measures ANOVA did not
show significant testeretest differences in the ER strength ines (test1 minus test2) are plotted against the means of the two test sessions for
contractions (concentric, eccentric, and isometrics) for the right (open squares)
e zero line was evaluated showing homoscedasticity. The lines represent limits
d the mean of the two test sessions was below 0.27 (r < 0.27, p > 0.05) for all
Table 2
Pooled data of reproducibility indices for shoulder strength testing.
Author, year, device N Velocity used (/s) Mode of contraction Muscle tested Reproducibility
indices used
Results
Kuhlman, 1992, Lido 39 90, 210/s Concentric ER ICC 0.82, 0.83a
þ60to 60) IR ICC NA
Isometric ER ICC 0.71
IR ICC 0.86
Malerba, 1993, Biodex 24 60, 120/s Concentric ER ICC 0.70e0.76, 0.62e0.68b
IR ICC 0.82e0.86, 0.79e0.95
60 Eccentric ER ICC 0.44e0.68
IR ICC 0.70e0.90
NA Isometric ER ICC 0.81e0.90
No data on ROM IR ICC 0.89e0.90
Frisiello, 1994, Biodex 18 90, 120/s Eccentric ER ICC 0.78e0.86, 0.83
50e20 IR ICC 0.75e0.78, 0.77e0.83
Leggin, 1996, Biodex 17 NA Isometric ER ICC 0.97e0.99
Meeteren, 2002, Biodex 20 60, 180/s Concentric ER ICC 0.74e0.87
No data on ROM IR ICC 0.81e0.92
ER SEM% 9e13%
IR SEM% 8e13%
ER SRD% 28e39%
IR SRD% 25e39%
Plotnikoff, 2002, NA 14 NA Concentric ER ICC 0.82e0.97
Hadzic, 2010, TechnoGym 21 30, 60/s Concentric ER ICC 0.87, 0.88
IR ICC 0.88, 0.93
Eccentric ER ICC 0.84, 0.87
NA Isometric ER ICC 0.88
IR ICC 0.88
30, 60/s Concentric ER SEM% 9%, 9%
IR SEM% 8%, 7%
Eccentric ER SEM% 9%, 8%
NA Isometric ER SEM% 7%
IR SEM% 8%
30, 60/s Concentric ER SRD% 24%, 25%
IR SRD% 22%, 19%
Eccentric ER SRD% 24%, 23%
NA Isometric ER SRD% 21%
IR SRD% 22%
ER ¼ external rotation; ICC ¼ intraclass correlation coefficient; IR ¼ internal rotation; NA ¼ not applicable for isometric testing; SEM ¼ standard error of
measurement; SRD ¼ smallest real difference.
a Comma separates mean values from distinct velocities.
b Data represent the range of mean values.
88 V. Hadzic et al. / Journal of Exercise Science & Fitness 10 (2012) 83e89any contraction mode, indicating that the extent of this motor
learning effect as, observed for ERs, did not actually influence
the clinical testing of these measurements. This possible
learning effect for ERs could be further diminished if addi-
tional practice sessions for ERs are allowed prior to the test
itself.
In spite of high ICC values, we may still not infer that a test
is suitable for clinical practice. A test should display small
measurement errors and be able to identify real changes in the
group of individuals and in single individuals. To evaluate the
measurement error, SEM and SEM% were used. The SEM%
can be used as an indicator of real improvement in the group
of individuals. When compared with Meeteren et al’s18 study,
where SEM% ranged from 9% to 13% for ERs and from 8% to
13% for IRs, our findings were better as SEM% ranged from
7% to 10% for ERs and from 7% to 8% for IRs. The SEM%
values were also low for ERecc (8e9%) and for ERisom and
IRisom (6e10% and 7e8%, respectively). These values (forboth contraction modes) seem reasonably low to detect real
changes in ER and IR strength in the group of individuals. The
smallest real difference in relation to the mean (SRD%) was
calculated to check if the test could detect real strength
changes in individuals as it could be more easily interpreted
due to its independence of units of measurement. The SRD%
scores for ERconc ranged from 20% to 27%, for ERconc from
22% to 25%, for IRconc from 18% to 23%, for IRisom from
19% to 22%, and for ERisom 17% to 28%. These values are
well below the values reported by Meeteren et al18 (Table 2),
and according to the approach used by Flansbjer et al25 all
values reported in our study are sufficiently small to be used to
detect real changes in ER and IR muscle strength for single
individuals.
To sum up, based on the ICC values and the SEM% and
SRD% values, it can be concluded that the strength testing
protocol for shoulder ERs and IRs used in our study showed at
least as good reproducibility as the testing protocols used in
89V. Hadzic et al. / Journal of Exercise Science & Fitness 10 (2012) 83e89other papers. The ICC values for ERs in concentric and
eccentric modes of contraction were much higher than previ-
ously reported values, and this could be at least in part
explained by the use of SROM (30), which could diminish the
otherwise considerable displacement of the axis of the gle-
nohumeral joint (up to 8 cm)24 with the dynamometer axis of
rotation. Furthermore, some studies have confirmed that iso-
kinetic data are device specific and dependent,30 the findings
that could also explain the improvement in reproducibility in
our study. Our study also provides the comparison between
isokinetic and isometric strength testing. Based on our results,
both tests appear equally acceptable in the terms of
reproducibility.
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